INTRODUCTION
Tuberculosis in both humans and domestic animals is a worldwide problem on an enormous scale. M. tuberculosis, the major human pathogen is very closely related to M. boris the major veterinary pathogen [1] . Traditional diagnostic tests for these organisms have either been very slow or have lacked specificity or sensitivity [2] . The advent of the polymerase chain reaction, together with the discovery of repetitive DNA sequences that appear to be specific to M. tuberculosis and closely related species such as M. bouis, offers the promise of diagnostic tests that are fast, sensitive and specific [3] [4] [5] . However, the DNA elements identified in M. tuberculosis are not ideal for use in diagnostic tests for M. bovis. The best studied element is present in many copies in M. tuberculosis but is only present as a single copy in most M. boris isolates [3, 6] . This limits the sensitivity of any test for M. boris based, on this element. Another repetitive ele- ment that has been identified in M. tuberculosis appears to have an imperfectly repeated sequence that is not an ideal template for the polymerase chain reaction [5] .
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In this present study we produced a partial genomic library of M. boris and screened it for repetitive elements. A similar approach was used to that which had previously been successful in identifying a repetitive element in Mycobacterium paratuberculosis [7] .
MATERIALS AND METHODS

Molecular cloning and screening
Chromosomal DNA was extracted from M. boris TMC 410 (synonymous with neotype strain ATCC 19210) and digested with EcoRI. Fragments of size 1-7 kb were separated by electrophoresis, recovered using glass adsorption (Geneclean kit, Bio 101) and ligated into the EcoRI site of pBR328. Recombinant plasmids were cloned in Escherichia coli DH5 using standard techniques [8] . Recombinant colonies were cultured and then lysed on replica Nylon filters [7] . Genomic probes of M. boris TMC 410 and M. tuberculosis H37Rv TMC 102, labelled with 32p, were hybridized to the filters for 20 h at 50°C in 50% formamide followed by a final stringent wash at 68°C in 0.1 x SSC, PIasmid DNA was prepared and restriction maps of plasmid inserts were obtained using standard techniques [8] . Subcloning of plasmid inserts was performed by digestion of plasmid DNA with the appropriate restriction enzymes, purification of the fragments as above and ligation into pBR328 or M13mpl8 vectors. Strains of E. coil were then transformed with the constructs.
DNA sequencing and analysis
The 'Erase-a-base' system (Promega)was used to make progressive, unidirectional, deletion mutants of two M13mp18 subclones which contained the repetitive sequence inserted in opposite orientations. Appropriately sized deletion mutants were cloned and chosen as directed by the manufacturers. Single stranded DNA sequencing of the inserts in these M13 mutants was performed by the dideoxy method using the 'Sequenase' kit (United States Biochemical Corporation) and standard methods [8] . The sequence was analysed using the package supplied by the University of Wisconsin Genetics Computer Group [9] .
RESULTS AND DISCUSSION
None of the 450 recombinant clones screened gave a more intense hybridization signal with the M. boris probe than with the M. tuberculosis probe. This indicated that none of the recombinant plasmids contained a DNA element unique to M. boris or a DNA element present in substantially more copies in M. boris than in M. tuberculosis. DNA from one clone hybridized more strongly to both probes than did DNA from other clones indicating that this clone contained a DNA element that was repeated a number of times in the genomes of both organisms. Investigation of this clone revealed that it contained a 13 plasmid (pB1) comprised of pBR328 and a 4.4-kb insert (Fig. 1) . A probe made from pB1 hybridized to more than 12 fragment lines on Southern blots of DNA from ten strains of M. boL,is and two strains of M. tuberculosis that had been digested with BstEI1 or PstI. The insert in pB1 was digested with SalI and EcoRI and the resulting three fragments were subcloned using pBR328 or derivatives to produce plasmids of the expected size as follows: pB2, 0.1 kb; pB3, 1.95 kb (Fig. 1) ; pB4, 2.35 kb. Probes of these plasmids were hybridized to Southern blots of genomic DNA from M. boris that had been digested with Bst EII. The results (Fig. 2) clearly indicated that the repetitive element was present in pB3 and that pB2 and pB4 contained flanking sequences. Most of the insert in pB3 was subcloned into M13mp18 to form pB5 whose insert is shown in Fig. 1 . A probe of pB5 hybridized strongly to ten fragment lines on a Southern blot of M. boris DNA that had been digested with BstEII (Fig.  2) . This indicated that the repetitive element was present in the pB5 insert and that part of a flanking sequence present in the insert of pB3 had been removed. Southern blots of M. boris DNA that had been digested separately with restriction enzymes BclI (Fig. 2) , SmaI, PL,uII and BamHI which do not have sites within the insert were exposed to a probe of pB5. In all cases the probe hybridized to six fragment lines indicating that there are six copies of the repetitive element in the M. bo~'is genome. The entire insert in pB3 was also inserted into M13mpl8 in the opposite orientation to the insert of pB5 to form pB6. All of the insert in pB5 and the corresponding part of the insert in pB6 were sequenced (Fig. 3) . The 1712 bp segment contained an insertion-like element designated IS1081. This element is delineated by 15 bp inverted repeats between positions 333-347 and 1642-1656. IS1081 is 1324 bp long with a large ORF beginning at residue 385 in Fig. 3 . This ORF occupies most of IS1081, is preceded by a ribosomal binding site, and codes for a putative protein of 415 amino acids. IS1081 also contains ten shorter ORFs some of which have possible ribosomal binding sites. A search of the EMBL and GenBank databases did not reveal any closely-related DNA sequences.
The insertion sequences so far described in actinomycetes can be divided into two groups: those which do not have inverted repeats but are flanked by similar short sequences (ISl16 from Streptomyces clavuligerus and IS900 from Mycobacterium paratuberculosis [11] ); and those with inverted repeats (ISll0 and a mini-circle both from Streptomyces coelicolor [11] and IS986 [3] and the almost identical 156110 [4] from M. tuberculosis). IS1081 has characteristics of both groups as it contains inverted repeats but also has flanking sequences that show some similarity to those of IS900 and ISl16 (Fig. 4) . Pairwise comparison of the large ORF putative proteins from all these insertion sequences to that of IS1081 showed that they had 20% or less identical residues.
The putative protein product of the large ORF of IS1081 was screened against the NBRF and SwissProt databases. One sequence was identified with homology significantly above back- 15 bp inverted repeats are underlined; *, codons of the large ORF.
ground, the putative transposase of IS256 from S. aureus [10] . The two putative proteins share 35% identical residues and 54% residues considered to have acceptable conservative amino acid changes. In S. aureus, IS256 is associated with a transposon containing antibiotic resistance genes. Whether IS1081 has a similar association remains to be determined. However, IS1081 may be useful for genetic manipulation of the genomes of both M. boris and M. tuberculosis. The suitability of the sequence of IS1081 for use in a diagnostic test for tuberculosis organisms based on the polymerase chain reaction is yet to be investigated. 
